Study of the action of disinfectants upon the bacterial flora of human skin has been initiated recently (1, 2, 3, 4) but little is known concerning changes taking place in the epidermis itself or the relationship of the bacterial flora to cell layers. Cromwell and Leffler (5) claim that some chemicals, such as ethyl alcohol and potassium alum, have a hardening effect upon the skin surface, and that, after use of these agents, smaller amounts of keratinized epithelial cells are removed by subsequent scrubbing, whereas ammonium and sodium sulfide have opposite effects. According to these investigators, this "hardening" results in few bacteria being washed off and, consequently, good "bacterial destruction" curves are obtained if the Price technic is employed. This conclusion is also arrived at by Meyer and Vicker (6) who state that aluminium and potassium sulfate in 10 per cent solution hardens the skin to such an extent that the organisms of the skin flora are imprisoned but not killed; these imprisoned organisms may be released after softening of the skin. Arnold (7) believes that the stratum corneum behaves as a "colloid-like gel"; alkalinity causes absorption of water, acidity causes dehydration. An increase in water content with the softening of the gel permits more bacteria to be removed from the skin by swabbing, while dehydration of the gel by acids entraps or imprisons the endogenous flora.
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The basic problem is whether the effects of skin disinfectants are real or apparent; that is, whether the organisms on skin are actually killed or whether the antiseptic employed so changes the characteristics of the skin surface that bacteria, though still present in viable condition, are not recoverable by methods now available. This is a fundamental question in determining the mechanism of skin disinfection.
The fact that skin has its own particular flora, as specific as that of the gastrointestinal tract, is generally agreed upon. Does this flora exist in the sebaceous and sudoriforous glands, within the hair follicles, on the surface of the skin, or among the various cell layers of the strata disjunctium and corneum? A better knowledge of the exact location of the bacterial and fungal flora of the epidermis would also aid in the problem of skin disinfection.
In order to determine what takes place during the process of skin disinfection and discover whether disinfection is due to actual killing of bacteria or merely mechanical interference with their removal, it was necessary to devise a technic whereby the cells of the epidermis could be studied quantitatively and qualitatively, so that the effect of a disinfectant upon these cells could be evaluated. It is believed that the following method would facilitate such a study.
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• H?; The method utilizes the principles of the Price technic which was designed to study the bacterial flora of the skin. The hands and forearms are scrubbed with a sterile surgical brush in a standard manner in each of a series of 15 to 20 basins containing a measured amount of sterile water. This standard scrub-up consists of 10 seconds lathering of the area with an ordinary toilet soap, 35 seconds scrubbing and 15 seconds stripping and rinsing of the scrubbed area, the whole procedure taking one minute and being performed in each of the basins. The terms "minute of scrubbing", "unit of scrubbing" and "basin number" are used synonomously in the following sections. The protocol of a typical experiment is contained in Table 1 . If individual basin totals are plotted against minutes of scrubbing time, the curve in Figure 2 is obtained; this curve shows a regular decrease in number of epithelial cells removed per basin. Each cumulative total in Table 1 , column 5, represents the total number of cells in its corresponding basin plus the sum of all the basin totals below it. The graph for these cumulative totals is contained in Figure 3 . Repeated experiments on several individuals yield essentially similar curves. In no experiment did the microscopic appearance of the cells removed in the first basin differ qualitatively from those removed in the last.
From "basin total" data of Table 1 it is possible to calculate actual numbers of removable epithelial cells on the skin, the number of removable cells remaining on the skin at the conclusion or at any point of the experiment, and the velocity constant for this removal. Furthermore, it can be proven that these cells are scrubbed off in accordance with the unimolecular mass action formula. Calculations are performed in the following manner. Table 1 ), plotted on semi-logarithmic graph paper.
FIG. 4. Curve of individual basin totals (column 4 of
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Mincites Ocrcthbznq Zàne where "N1" is the total number of cells on the skin at the beginning of the experiment, "C1" is the cumulative total of basins 1 to 16, and "B" is equal to the sum of all basins after the sixteenth if scrubbing had been carried out indefinitely. This last term may be thought of as equal to residual number of removable cells, "R", on the skin at the experiment's conclusion, and N1=C1+R. Theoretically the residual number of cells should be equal to the number on the skin at the start minus the cumulative total, but as there are experimental errors involved in the process, this is not quite accurate and the number of cells on the skin at the start or at any point should be calculated rather from the residual number plus the cumulative total, formula (i). This point is further brought out by the fact that there may be temporary deviations from the reaction velocity constant for the first minute or two of scrubbing caused by surface adhesion of superficial desquamated cells, as in the experiment under discussion, or caused by action of chemical agents on the skin, as illustrated in a later section. In order to take these temporary deviations, which occur in the initial basin or basins of a series, into account in computing the total number of removable epithelial cells present on the skin at the start of an experiment, residual number of cells and cumulative totals should be summed. Therefore, using values for "C1" and "H" in formula (i), the total number of removable epithelial cells at the beginning of the experiment was N1 = 132. 106 + 579.106 = 711.106.
(k) Substitution of respective values for "N1", "Be" and "b" in formula (g) shows that N6=2 (1) and are obtained. This proves that the removal of epithelial cells from skin by a standard scrubbing technic proceeds in accordance with the mass action unimolecular formula; that is, the number scrubbed off per minute scrubbing time is proportional to the number of cells on the skin. As the principle that "de-epithelialization" by scrubbing takes place in conformity with the exponential mass action formula has been demonstrated, it is possible to calculate residual and total number of cells on skin and reaction velocity in two ways other than that described. One is a so-called "formula" method and the other is the Price method (1) for calculating residual and total numbers of bacteria on skin, which can be adapted to this technic also.
Formula method. Since the velocity of cell removal is constant, substitution of formula (i) in formula (n) forms the equation Since cumulative totals (column 5 of Table 1 constant. This latter constant may be approximated by finding the mean of successive basin total ratios, as has been described in a preceding paragraph, and placing this ratio in formula (d).
Price method. The Price method (1), which is a graphical method, is used to calculate residual and total number of cells in the following manner. If cumulative totals (column 5 of Table 1 ) are plotted directly on semi-logarithmic paper, curve A of Figure 5 , an irregular curve is obtained. It is irregular because it represents cumulative totals of cells removed and not totals of all (removable) cells present on the skin. The total number of removable epithelial cells is equal to the cumulative total of those removed plus the "residual" number of cells left on the skin at the conclusion of the experiment and these total numbers for each minute of scrubbing time when plotted on semi-logarithmic paper form a straight line, as proved in the previous section. The smallest number, therefore, which added to the cumulative totals causes them to yield a straight line on semi-logarithmic paper represents the "residual" number of epithelial cells. It can be found by trial and error that if the number 140 million is added to cumulative totals of Table 1 (Table 1 , column 5), and curve B the actual totals (Table 1 , column 6), plotted on semi-logarithmic graph paper.
analysis technic are essentially the same, being 140 million and 132 million respectively. Actual totals of epithelial cells, residual number plus cumulative totals, on the skin during the experiment are contained in column 6 of Table 1 .
By subjecting data from a number of experiments to the above types of analysis, a mean value for velocity of "de-epithelialization" is obtained, which may be considered a "standard" velocity. This is constant for each individual whenever he scrubs in the standard manner, although the velocity constant may The protocol of such an experiment, in which the effects of 93 per cent ethyl alcohOl, by weight, upon skin are studied, is contained in Table 2 . The alcohol was applied, without friction, to the area of skin being studied for two minutes.
Basin totals (column 4 of Table 2 ) are plotted on rectilinear graph paper in Mthcdé8 C!thbfl 7the Table 2 ) before and after application of 93 per cent et yl alcohol. mass action formula and provided a mean velocity constant for the process as well as a "standard" curve ( Figure 6 ). Details of both methods follow.
Mathematical analysis method. The mean standard velocity constant for "de-epithelialization" previously has been shown to be 0.0432. A right angled triangle is constructed (on graph paper with same scales as Figures 4 and 8 ) whose hypotenuse has a slope of -0.0432 and this is used as a template. Basin totals, column 4 of Table 2 , are plotted on semilogarithmic graph paper, Figure 8 , and the template is used to fit a curve to these points. The base of the template is kept parallel to the abscissa. It can be observed that the linear curve so drawn fits the basin total points well and that this straight line is essentially continuous from basin series I to basin series II. Hence velocity is constant along both series (with the exception of basins 9 and 10) and the basin totals fall continuously along the line.
The nipnber of epithelial cells on the skin before alcohol was applied was the residual number remaining on the skin after basin series I. This number is Rr=B=ö-5; .a57z2 Nctv2ber
Fm. 8. Curve of individual basin totals (column 5 of Table 2 ) before and after application of 93 per cent ethyl alcohol, plotted on semi-logarithmic graph paper. Similarly, the number of cells on the skin after use of alcohol is equal to the residual number of cells on the skin at the end of basin series II plus cumulative total of basin series II (formula i). Residual number of cells is given by equations (g, j)
"B17" is read directly off the graph, being 18.5 million, and residual number of cells, "R11", after basin series II is 196 million. Therefore, total number of cells on the skin immediately Table 2 ) before and after the application of 93 per cent ethyl alcohol. Dotted line represents "standard" curve. Price method. This technic applies the above principle in an ingenious fashion, employing a graphical trick, so to speak. Cumulative totals of basin series I and II, column 6 of Table 2 , are plotted on rectilinear graph paper and this graph is then superimposed over a "standard" curve, Figure 6 , constructed with the same scales. Base lines of each are kept parallel and curves of basin series I and II are moved about until they "fit" directly over some segment of the standard curve. Residual number of cells is read directly off the standard curve ordinate where the base lines of the basin series curves intercept it. Total number of cells, then, are the cumulative totals plus the residual number. Column 7 of Table 2 lists these total numbers and these are plotted in Figure 9 where the curves are also compared with the standard curve (dotted line). It can be seen that the two segments show no difference in rate and that total numbers of cells are continuous.
This experiment shows that 93 per cent ethyl alcohol had no effect upon velocity of removal of epithelial cells except for a short period immediately after use of the alcohol, in basins 9 and 10. In these two basins there were decreased numbers of cells; however, a large number of cell fragments were present, giving the impression that the alcohol had caused fragmentation of some epithelial cells. This interpretation is substantiated by the fact that turbidity determinations of the concentrated cells, column 4 of Table 2 , indicate an increased density in the first basin of the second series with a uniformly decreasing density following. This may also account for the discrepancy in total numbers of removable epithelial cells on the skin before and after use of the alcohol. The difference between the before and after figures equals the sum of the differences between basin totals 9 and 10 and what they would have been had they fallen on the same curve as the other basins, as shown by Figure 8 . SUMMARY A technic is described for studying the epithelial cells of the skin quantitatively and qualitatively. By use of this technic it is possible to calculate the number of removable epithelial cells present on the skin and the rate at which they are scrubbed off. Detailed mathematical analysis of experimental data is presented, which includes proof that "de-epithelialization" by scrubbing proceeds in accordance with the unimolecular mass action formula. This proof may also be applied to the Price (1) technic for study of bacterial flora of skin.
To illustrate how the technic is applied in evaluating the effect of a disinfectant upon the skin, an example using 93 per cent ethyl alcohol is given, together with the required analysis of the data. Alcohol applied to the skin for 2 minutes does not affect significantly the rate at which epithelial cells are removed by scrubbing, nor the number of cells removed. It may be concluded, therefore, that the well known skin disinfectant action of alcohol is not due, as some investigators have supposed, to a "hardening effect" on the epidermis, but rather to actual killing of cutaneous bacteria by the alcohol.
